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In October 1962 Explorer XV was launched in an orbdit to

2p the newly created urbLLAlel radiation b2li. Successiul

egra tlon and launch of t' sacecraft was the resuits oI
ng a ''rush job" modifica o) ight spare hardware which
originally designed for O XI1 and XIV, tTwo GSF
ellites placed in highly o) orbits for energetic
ticle and magnetic field ‘

oder and electronic data

iiation fluxes in excess oxf

ected that the operational

22 short--which indeed it was., After an:
~his satellite ceased transmitting, aiun0dbn

Tailure the P on ¥ solar cells re ovovidiig
reguired spacecraft power, seful life came to

ximately €U days when faillurs sympitoms were
n telemebry encoder which exhibited malfunctio
ounters. It was never establisbed why the rf
with a surplus of power available,

Since the flight spare ha"cwa”o from Explo
narked for a second artificial pelt mapping-sats
szme orbit, it became our Lask fto undertake a ra c
ing exercise to see if the life of the spacecraf’ elecir
could be extended comparable with the life expeczancy oi X
gsolar cells with 60 mil glass., Post-mortem radiation testing
was conducted on the various subsysiens to Qoterﬁiney if possinle,
the cause of failure since it was unlikely that the encoder
caused transmission to cease, Subsystem tes*lngs for radiation
drmage was initiated for the first time at GSFC and was expeai-
tiously and economically done using protoiype spares. As a
result of many tests, using gammz rays and/or 2 MEV electrons,
only a few subsystems were found defici~nt and component cha
were made in the telemetry encoder and several subcomm wtating
networks. These investigations did not reveal any clues o
transmission faillure of Ixp v XV. Radiation hardening
sisted of replacing grease filled PNP <iransisters and v

k.
NN types with planar or with good mesa Iype itransistor
xuown radiation tolerance. To instrument Explorer XXVI
wa2re made only on a few dozen componenis representing

than 10% of the total complement. This spacecrafi was
December 21, 1954, and is still operational and as_of 1
nas been exposed to radistion well in excess oI 1014 e
with energy above 0.5 MEV

Available to NASA Ofiices and
MASA Centers Only,
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Drain-source leakage current changed only a few nanoamps
and gate lesakage was not found to change at all with a dose of
108 rads. The lower limit of the instrumentation used for these
tests was only 10-9 amps. .

The effects of gate voliage on two different devices are
shown in Figure 2 (VC_S = 20 V) and Figure 3 (VGS = 10 V) using
cob0 gamma rays. Figure 4 shows combined curves of three
different devices with changes in gate-threshold voltage as a

nction of 2 Mev electron dose. PFigure 5 is similar data
o““alnea with 22 Mev protons It should be noted that each
cdata point shown on all Cu“Vpb in Figure 1 through “;guve 5
are an averadge of three MOSFEDs on a single monolithic block.
Without exception all three tracked exceptionally clgse, (within
a few percent). This uniformity of individual MOSFETs was
consistant even when V.., experienced very drastic changes with
dose, The monolithic cénstrLctlon may offer the solution for
differential aralog circuitry in a radiation environment.

MOSFET application in the IMP encoder systems, however,
are digital and designed to tolerate several volt shift in VG““
The most critical circuits such as the telemetry clock and
A/D converter are buried deep in the electronic package to
benefit from the shielding oiffered by other less important and
less scnsitive circuit modules. Enough shielding is added to
the total electronic packawe to inSure that the internal electron
ose does not exceed 1011 eLuC1”OuS/Cm /year or in the case of
he lunar IN¥Ps D&E not more than 10310 p“otons/cm2 per year,

‘here 1is always the possibility that solar activity during

1986 and 1667 could enhance the radiation environment to reduce
the small margin of safety now estimated; however, up until

spin balance prior to launch there will be the opportunity to
evaluate the situation and add additional shielding, if required.
Portunately, the lunar IMP-D&E which has the areatesb weight
limitation has the greatest margin of safety in terms of expected
dose,

though ro concentrated work is now underway at GSFC to
ne the failure mechanism of P-channel MOSFETs with

tiocn, occasionally we have the opportunity to investigate
ies of the damaged units. For exanple, a number of

ices have been annealed at 200°C to confirm the suspicion

that the damage is not in the nature of bulk damage but instead
must be related to a surface phenomenon. Future testing is
planned to shed more light on this subject.
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KINETIC ENERGY (MEV/NUCLEON)

Figure 7. The composite energy spectra of nuclei from protons to oxygen from
25 Mev/nucleon to 1 Bev/nucleon. The proton spectrum is from IMP 111,
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